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This project has been designed to interface an EIA-232 channel to an EIA- 
485 half-duplex bus. We should do so because EIA-485 offers more fea- 
tures than 232, especially where we apply a long distance wired commu- 
nication involving more than two devices. 





The EJA-232 standard, formerly known as RS-232, 
was introduced about thirty years ago, well 
before the first application of desktop sized per- 
sonal computers. The RS-232 standard mainly 
covers the communication between DTEs and 
DCEs, where DTEs are Data Circuit Terminating 
Equipments, and DCEs are Data Communica- 
tion Equipments. A typical DTE could be just a 
video terminal, a printer, or even a personal com- 
puter — it can operate either as a source or des- 
tination of data, hence it is the equipment where 
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the communication is terminated. A 
DCE, on the other hand, is a device that 
accepts and transfers data with the sole 
purpose of allowing a communication 
between two DTEs. A typical DCE 
could be a modem, or even a simple 
cable that links two DTEs. That’s right, 
two DTEs, not more, because the EIA- 
232 standard does not allow more than 
one transmitter and one receiver per 
cable. EIA-485 lifts this restriction, 


since it allows up to 32 transmitters 
and receivers to be linked to the same 
electrical line, where 32 transmitters 
should be taken to mean that all share 
the same electrical path, but only one 
shall be active at a given time. To 
allow this mode of operation, EIA-485 
drivers have an Enable pin to switch 
on the active circuit, but only when the 
data transfer has to take place. EIA- 
485 receivers do not need an Enable 
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Figure |. Circuit diagram of the EIA-232 to EIA-485 adapter. At the heart of the circuit we find a PIC microcontroller. 


pin, since they can operate in an 
‘always on’ fashion without disturbing 
the line. Nowadays, EIA-232 circuits 
can be found in many electronic 
devices capable of handling some kind 
of data communication through a 
cable. The best-known device is prob- 
ably the trusty and ubiquitous per- 
sonal computer (PC). 

EIA-485 circuits were originally 
developed to serve industrial applica- 
tions, but are gaining popularity else- 
where thanks to simple adapters, like 
the one described in this article. It can 
be built as a do it yourself project with 
minimal effort and expense. 


The adapter function 


An adapter may be likened to a simul- 
taneous interpreter, who listens to one 
party and talks to another, where the 
parties speak different languages. A 
half-duplex adapter circuit has every- 
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thing to accept and transform data 
from either side of a communications 
channel. However, the direction of the 
transfer has to be known beforehand 
and this is determined on the basis of 
the first signal which comes in. If the 
first signal originates from the EIA-232 
side, the circuit promptly switches the 
485 bus into transmission mode. If the 
first signal is from the EIA-485 side, no 
action is required because an EIA-232 
channel can operate simultaneously 
both in transmission and reception 
mode. But what is, in practice, the real 
difference between the EIA-232 and 
EIA-485 communication standards? 


Two standards 
side by side 


The main difference between an EIA- 
232 channel and an EIA-485 bus is the 
number of electrical connections. EIA- 
232 employs at least three wires, one 


of which is the common ground, while EIA-485 
requires only two conductors, and does not 
need a common reference wire. Moreover, EIA- 
232 employs one conductor to send, and the 
other to receive, while EIA-485 handles both 
directions, technically referred as ‘A’ and ‘B’, as 
a single bidirectional path. EIA-232 and EIA-485 
data consists of a series of pulses or square 
waves, but there is a big difference in the voltage 
levels and polarity. This is brought about by the 
EIA-232 standard employing asymmetrical 
(unbalanced or single-sided) voltages to carry 
the zeros and ones of digital information, where 
asymmetrical means ‘referred to a common 
ground’. A voltage level of between 3 and 12 
volts below the ground level should be recog- 
nized as a logic High, while a signal of the same 
swing, but above the ground level, shall be rec- 
ognized as a logic Low. The EIA-485 standard, 
by contrast, operates with symmetrical (bal- 
anced) signals, where symmetrical should be 
taken to mean ‘not referred to a common 
ground’. In detail, data on a 485 line has to be 
measured only between ‘A and ‘B’, without any 
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Table la. 


DIP switch settings (word length) 


| = on; 0 = off. 

Number of bits SI-I S1-2 
10 0 0 
II 0 I 
12 l 0 
13 l | 


Table Ib. 


DIP switch settings (EIA-232 baudrate) 
| = on; 0 = off. 

Baudrate SI-3 SI-4 S 
19,200 0 
57,600 
300 
19,200 
4,800 
110 
300 
19,200 
57,600 
115,200 
600 
19,200 
2,400 
19,200 
38,400 
19,200 
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reference to the ground. When ‘B’ is positive rel- 
ative to ‘A’, a logic High is carried. Conversely, 
A>B means a logic Low. In theory, both signal 
lines ‘A’ and ‘B’ could be at any reasonable 
potential below or above ground, because the 
information is carried only by the voltage differ- 
ence measured between them. In practice, 
when linking two EIA-485 devices, a third wire 
is added to create a common ground line. This 
is not required for the data transfer proper, just 
useful to maximize noise immunity, since the 
voltage level we use are in the range 0.2 V to 
6 V. As with the ‘232 standard, where any volt- 
age smaller than +3 V is treated as undefined, 
with ‘485 we consider undefined a voltage level 
in the range of +200 mV. 


Circuit description 


The schematic of the EIA232-to-485 adapter is 
given in Figure 1. There are four functional 
blocks: the EIA-232 interface around IC2 and 
some passive components; the EIA-485 bus 
interface based upon IC4; the control logic dri- 
ven by microcontroller IC1; and finally the 
power supply regulator built around IC5. There 
are also three LEDs, D1, D2 and D3, and 6-way 
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DIP switch block, $1, which is directly 
connected to some microcontroller port 
lines and serves to set up the 
adapter’s operating parameters. 

The EIA-232 device is hooked up to 
connector K1, observing the usual con- 
nection of pin 2 for sent data, pin 3 for 
received data, and pin 5 for signal 
ground. IC2, a MAX232, provides all 
the functions to convert the voltage 
levels of the EIA-232 standard (+3 to 
+12V) to the usual TTL range of 0 to 
+5 V. For incoming data, IC2 provides 
clamping of the negative pulse levels, 
followed by a voltage reduction of the 
positive swing. Functionally, the 
MAX232 is an inverter. 

For outbound data, where a +5 V 
swing must be converted to a bipolar 
voltage, the same MAX232 acts as a 
charge pump booster using external 
capacitors C3, C4, C5 and C6. The 
internal voltage step-up process takes 
place at very high frequency, and will 
inevitably generate some spurious 
components on the supply rails. To 
avoid disturbing the other ICs, espe- 
cially the microcontroller, decoupling 
capacitor C10 is connected to pin 16 
of the MAX232. With the same objec- 
tive in mind, low-value series resis- 
tors R5 and R6 are inserted in the TTL 
in/out lines. 

At the other side of the circuit, IC4 
operates as half-duplex interface to the 
EIA-485 world (technically, this is 
referred to as a ‘bus’) which is con- 
nected to K3. IC4 does not use any 
voltage booster, since the signal levels 
we require for the external interface 
are unipolar and not referred to 
ground. The 75176 IC combines a bal- 
anced driver (with its inputs on pin 4 
and outputs on pins 6 and 7), anda 
balanced receiver (with its inputs on 
pins 6 and 7 and output on pin 1). To 
create a complete EIA-485 interface 
we also need two pins for the power 
supply and a pair of Enable terminals 
to decide when to listen and when to 
talk, since in a half-duplex system 
these functions can not be performed 
simultaneously. To switch the EIA-485 
bus to transmission mode, pin 3 is 
pulled high, while receive mode is 
selected by a Low on pin 2. By linking 
the pins together, data may be sent by 
a single High level, and received by 
imposing a single Low. In the real cir- 
cuit, we drive both Enable lines from 
the output of IC3A, a NAND gate 
which combines a signal from pin RA3 


COMPONENTS LIST 


Resistors: 

RI,R2,R3 = 1kQ 

R4 = 10kQ 8-way or 6-way SIL 
array 

R5,R6 = 1002 

R7,R8,R9 = 10kQ 

RIO = 120 

RII,RI3 = 6809 

RI2 = 100 


Capacitors: 

Cl,C2 = 22pF 

C3-C6 = luF 16V radial 

C7 = 22uF | 6V radial 
C8,C9,CI1,C12,C13 = 100nF 
C10 = l0uF 16V radial 


Semiconductors: 

D1,D2,D3 = LED, red, low cur- 
rent 

ICI = PICI6C54-HS/P pro- 
grammed, order code 020003- 


4l 
IC2 = MAX232CP 
IC3 = 74HCT00 
IC4 = 75176BP 
IC5 = 7805 


BI = bridge rectifier B40C800, 
round case (40V piv, 800mA) 


Miscellaneous: 

JP1,JP2,JP3 = jumper 

KI = 9-way sub-D socket 
(female), angled pins, PCB mount 

K2 = mains adaptor socket, PCB 
mount 

K3 = 3-way PCB terminal block, 
lead pitch 5mm 

S| = 6-way DIP-switch 

XI = 4MHz quartz crystal 


of the PIC controller, and the (inverted) 
RxD signal from the EIA-232 channel. 
Using this simple and smart arrange- 
ment, the transmission mode is 
switched on in good synchronism, 
since the received ‘232 signal acts 
directly on the ‘485 driver enable ter- 
minal, together with the microcon- 
troller. Actually, the intervention of IC1 
is delayed because its senses the 
arrival of a Low level from RBO, exe- 
cutes some instructions, and then 
responds by pulling low RA3. The Low 
level from RBO is used as the start bit 
in the ‘232 data stream, and as a trig- 
ger to the internal counting loop of the 
processor. This produces the following 
events: initially, the incoming ‘232 start 
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: : bit will force IC4 into transmission mode, thanks 
Mma SSS Le ics to the direct link to pin 2 of IC3A. After a few 
microseconds, the processor will sense the start 
bit at RBO and will promptly confirm the trans- 
mission mode through RA3 and pin 1 of IC3A. 
The ‘485 bus driver will remain in transmission 
mode for a while, even when the ‘232 data 
stream returns to High level and repeatedly tog- 
gles to follow the information. The ‘485 driver 
will be reset to receive mode only when all the 
data bits have been translated and transferred 
from one side to the other. 

But what about the duration of a single data 
bit? Well, the processor is informed about the 
speed of the data stream by the six switches on 
S1 that allow you to select a suitable software 
delay loop. An overview of the switch settings 
for different baud rates and word formats is 
given in Table 1. 

R7 and R9 are simple static pull-ups. The 
first imposes the receive mode to IC4 during the 
power-up phase. The second pulls the ‘485 TTL 
incoming data line to the positive rail, to force 
the EIA-232 transmission channel in idle mode 
when the ‘485 bus is transmitting. R11, R13 and 
R10 can be switched in circuit by three jumpers 
JP1, JP2 and JP3. R11 and R13 are included for 
noise protection. When the ‘485 bus is in receive 
mode, but no device effectively ‘talks’ on the 
line, the ‘A’ and ‘B’ levels are floating and hence 
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Figure 2. Copper track layout and component mounting plan of the adapter (board 
not available ready-made). 
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Figure 3. Prototype built up in the Elektor lab. 
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can be affected by electrical noise picked up via 
inductive or capacitive coupling. In this case, 
since the differential input voltage falls in the 
undefined zone, the output of the ‘485 receiver 
will exhibit random pulses and hence random 
data. To avoid problems, a well defined differ- 
ence is forced between ‘A’ and ‘B’, thanks to 
R13-JP2, which act on the positive side of the 
bus, and R11-JP1, dedicated to the negative 
side. When both JP1 and JP3 are inserted, the 
bus sees a steady idle condition, ensuring opti- 
mum rejection of noise and other disturbances. 
The value of R13 and R11 ensure a light load to 
any real driver linked to the ‘485 bus. 

When fitted, jumper JP3, placed in series 
with R10, acts as a bus terminator. A termina- 
tor, despite any reference to Hollywood and 
cybernetics, is a simple remedy to eliminate 
reflection observed when a short pulse is 
applied to an electrical line. In practice, the gen- 
erator sourcing the pulse exhibits its own elec- 
trical impedance, as does the line where the 
pulse travels. Only if the two impedances are 
identical, the pulse travels from one end to the 
other without any trouble. If the two impedance 
values are not the same, the pulse reaches to 
the end of the line where it is (partially) 
reflected, creating an undesired disturbance 
with possible loss of data. The impedance of the 
generator, i.e., the ‘485 bus driver, is known and 
accountable, while the impedance of the line is 
hardly ever known, since it depends on the 
physical length of the conductors, as well as on 
the data speed. However, from a lot of experi- 
mental data acquired in the field, we can 
assume that a 120-Q resistor, placed on both 
physical ends of the line, will ensure a near-per- 
fect impedance match for almost any applica- 
tion. Please note that terminators have to be 
placed only at the physical ends of the line, even 
when we link together more than two ‘485 
transmitters on the same bus. Finally, there’s 
R12. It acts as a protection against possible cur- 
rent drain due to voltage difference between dif- 
ferent earth potentials. Normally, the voltage of 
the earth is zero, but in practice, several volts 
may be measured between a ground point on 
the device, and the protection earth (PE). R12 
provides a safe ‘local’ ground for the communi- 
cation line, even when the earth level is not at 
zero volts. 

The circuit configuration around microcon- 
troller IC1 closely resembles a suggested circuit 
found in the datasheets. Crystal X1 and 22-pF 
capacitors C1 and C2 are the external elements 
for the on-chip clock oscillator. 

Port lines RB2-RB7 are used to read the 
switches in $1, while RB1 monitors the incom- 
ing data from the EIA-485 receiver, and RBO 
does the same for the incoming stream from the 
‘232 side. Resistor network R4 is used to pull up 
all lines connected to the config switches. 
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The microcontroller firmware 
causes LED D3 to light up when a ‘485 
transmission takes place. LED D2 will 
be on when the ‘485 bus is receiving, 
and will be off when the bus is trans- 
mitting. Notice that the above visual 
indicators are provided only for certain 
presets of the DIP switches, because 
the firmware in the micro only has 
enough computing time at relatively 
slow communication rates. 

Thanks to the use of bridge recti- 
fier B1, the unit may be powered by an 
AC or DC adapter with a minimum out- 
put voltage of about 9 volts, connected 
to K2. Regulator IC5 steps down the 
unregulated dc voltage across C7-C8 
to aclean +5 V. Current consumption 
of the circuit is of the order of a few 
tens of milliamps. 


Assembly and use 


All the components that go into the 
circuit are accommodated on a 
printed circuit board of which the 
layout is given in Figure 2. Sockets 
are fitted for the four ICs with a dual- 
in-line (DIL) footprint, while IC5, 
with only three pins, is soldered 
directly on to the board. Do observe 
the polarity of all semiconductors as 
well as the positive/negative refer- 
ences on the electrolytic capacitors. 
The PIC microcontroller in posi- 
tion IC1 is available ready-pro- 
grammed through our Readers Ser- 
vices (order code 020083-41). Alter- 
natively, you can program your own 
PIC using the files found on diskette 
020083-11, or on this month's Free 
Downloads page, see our website at 
www.elektor-electronics.co.uk 


Practical use 


If you have a personal computer, you 
can link K1 to COM1 or COM2 on 
your PC via a standard (non-crossed) 
RS232 cable with at least wires on 
pins 2, 3, and 5. Please do not use a 
‘null-modem cable’ (also called zero- 
modem cable) because it has 
crossed TxD/RxD wires. At the ‘485 
side a standard PCB screw terminal 
block is available to accept any 
wiring, providing the ‘A’ and ‘B’ 
paths, and possibly a third one for 
the common protection ground. 
Obviously, the connection to an 
external ‘485 device should observe 
the ‘A’ and ‘B’ references, otherwise 


there’s no hope of obtaining any 
communication. Although a mis- 
match will not cause physical dam- 
age to the circuits, reversing the 
polarity results in data corruption to 
the extent that a break is created in 
the communication path. In practice, 
confusing ‘A’ and ‘B’ will result in 
total absence of communication. 

To be able to use the adapter you 
should know the speed of the incom- 
ing data on the ‘232 channel, and 
also the number of bits in every 
chunk of information. A chunk of 
information, technically referred to 
as a word, will take some time to 
travel from the ‘232 input to the ‘485 
output, and during this time the bus 
should be switched to transmission 
mode, otherwise no communication 
could take place with any hope of 
success. 

As already mentioned, an imme- 
diate switch from receive to transmit 
is guaranteed by the direct monitor- 
ing of the incoming ‘232 data. But 
when does the ‘485 bus return to 
receive mode? Assuming that an 
EIA-232 dataword consist of the 
usual 10, 11 or 12 bits (start, data, 
stop and optional parity), the 
switches in $1 allow you to inform 
the processor about the duration of a 
complete data word. IC4 can then be 
gated appropriately to ensure a 
prompt switch to transmission, fol- 
lowed by a quick return to reception, 
should the external ‘485 device 
respond to the stimulus and give an 
immediate feedback. 

Typical applications of a ‘485 
communication path include actua- 
tor control or sensor data acquisition. 
Thus, we are faced with some data 
to transmit, followed by some other 
data to receive. In this scenario, the 
adapter, like a human interpreter, 
should not introduce any appreciable 
delay during information transfers 
from one side to the other, otherwise 
it fails its job. The firmware in IC1 is 
actually capable of sustaining com- 
munications at different data rates, 
from 110 to 115,200 bits per second, 
with different word sizes from 10 to 
13 bits per word. 
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